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INTRODUCTION

Evidence of a major episode of mass movement northeast of
Wilmington Canyon (McGregor, 1977) has underscored the need for research
on potential geologic hazards in the Baltimore Canyon lease area.
However, despite the fact that this mass movement event has focused
attention on the possibility of future events, it is not necessarily a
precursor to them. That is, the central question of whether the slope
is unstable may not find its answer from the study of past events, but
rather from studies of current slope conditiomns.

The geologic setting bears directly on the question of current
conditions, and it has been thoroughly investigated. In addition to the
aforementioned study by McGregor (1977), seismic studies by Emery and
Uchupi (1972), Embley and Jacobi (1977), and Robb and others (1981) have
shown that this portion of the Continental Slope is relatively steep
(gradients of 10° are common), is incised by numerous major canyons and
lesser valleys, and may contain a Pleistocene sediment section up to a
few hundred meters thick. In addition, the slope is frequently marked
by evidence suggesting mass movement. As pointed out by Robb and others
(1981), however, mass movement may not be as ubiquitous as some other
studies have implied.

It is 1likely, though, that rapid deposition, a common predecessor
of mass movement, occurred over the whole Mid Atlantic Continental Slope
area during times of lowered sea level. At those times stream discharge
was greater because of glacial meltwater runoff. The associated greater
sediment load was carried across the present shelf directly to the slope
(e.g., Twichell and others, 1977). The high rate of deposition,

particularly as it involved the fine-grain sediments that characterize



the area (Doyle and others, 1979; Keller and others, 1979), may have
generated excess pore pressures within the sediment section and, hence,
created a condition of instability on the slope. Although sedimentation
rates are probably lower at present than they were during the past, the
dissipation of these excess pore pressures may be incomplete. If this
is the case, the slope would still be underconsolidated and thus be
prone to fail - especially in conjunction with the rather steep
gradients.

Results of analyses of samples from this and adjacent slope areas
are mixed. In a study south of Baltimore Canyon, for example, McGregor
and others (1979) noted the presence of underconsolidated sediment and
other conditions suggesting instability. Within the lease area itself,
however, similar conditions have not been identified. Slope stability
analyses by Keller and others (1979) indicated that the surficial
sediments were generally stable, and piston cores examined by Doyle and
others (1979) showed no evidence of mass movement. Samples from a 300 m
drill hole (AMCOR 6021) near Toms Canyon also indicated stability
(Sangrey and others, 1979), although the large quantities of methane
found at that site were not considered in the calculations as
instability due to excess pore pressures generated by gas accumulation
has not been investigated in the area. The massive slide deposit
northeast of Wilmington Canyon, which is up to 300-m thick and involves

11 km3

of sediment (McGregor, 1977), has been examined by Bennett and
others (1977) for its geotechnical properties. Their evidence does not
refute the hypothesis that the feature is a slide deposit, and they
present additional evidence that creep 1s occurring upslope from the

apparent mass movement scar.

The previous acoustic and sampling studies established the



framework for the research of hazard-related problems in the Baltimore
Canyon lease area. It was our objective to provide quantitative
information regarding slope stability and other potential hazards, and
establish the general geotechnical properties of the sediment. Piston
cores were the principal research tool used in the investigation. Site
selection for these cores was based on the need to achieve geographic
and geologic coverage, and thus a variety of environments from different
locales were sampled. These included open slope areas, valley walls,
valley floors, lobate sediment masses, and others. Locations are shown
in Figure 1. The scope of our investigations is limited by the
generally less than 10 m penetration of piston coring. Nonetheless,
data from the surficial sediments is an important part of an overall

evaluation.

METHODS

Shipboard

The piston cores used for the geotechnical studies were collected
aboard the R/V ENDEAVOR in August 1979 and October 1980. The coring
system was designed to obtain cores with minimal mechanical disturbance
because many geotechnical properties, especially those related to
strength, are vulnerable to the effects of disturbance. The system thus
differed from conventional systems in many respects. Core sample
diameter was 89 mm, which is larger than normal piston cores. This
extra size not only reduces disturbance during the act of coring, but,
in the event of distortion on the core edge duvue to wall friction,
permits removal of a relatively undisturbed inner core (subcore) for

triaxial and consolidation testing. The 1liner was protected against
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collapse from differential pressure by a special sleeve and O-ring
assembly at the joints between the outer barrels. The cutter unit had a
cutting angle of less than 10°, which assured optimum penetration with a
minimum of disturbance. Liner sections (up to 4, 3 m long sections per
core) were taped at the ends in order to achieve a snug fit against the
barrel and were beveled inside each end to promote a smooth piston
action. Using this system, 13 cores up to 10 m long were recovered.

As was the case during the sampling operation, avoiding disturbance
was the prime consideration during core processing and storage. Once on
board, the cores were cut into 1-1/2 m sections by using a tube cutter
to sever the liner and wire saw to part the sediments. Two 40 cm
subsections were also cut for later triaxial testing, and a 15 cm
subsection was removed for consolidation testing. All subsections,
which were cut from the bottom portions of the cores, were X-rayed in
order to judge the condition of the sample; only "undisturbed” samples
were retained for later testing. Finally, the subsections were capped,
taped, sealed with wax, and stored under refrigeration. They were kept
in the in situ position in specially fabricated boxes padded with foam
rubber.

The remaining core sections were split lengthwise: one part of each
section served as an archive half, the other as a working half. The
archive half was placed in a D-tube and stored in a refrigerated van.
The working half was taken to the shipboard laboratory for description,
strength testing, and subsampling.

After a cursory description, "undisturbed” shear strength was
measured. A four-bladed, 12.7-mm-square laboratory vane was used at
intervals of 0.50 m and at lithologic changes. Obvious sand 1layers,

which are cohesionless and therefore inappropriate for this type of



test, were avoided. The blade was inserted normal to the long direction
of the core and buried at least 20 mm into the sample. In order to
guard against sample drainage during the application of torque, a
rotation rate of 0.0262 rad/s (90°/min) was used. Because of potential
disturbance associated with prolonged exposure to ship motion and
vibrations, this rapid rate also serves the function of allowing the
test to be completed quickly, thus reducing the probability of this type
of disturbance. The accuracy of the vane shear measurements is + 0.30
kiloPascals (kPa). It is assumed on the basis of previous experience
(e.g., Booth, 1979) that strength reduction due to the release of
in situ stresses and mechanical disturbance is generally between 15 and
30 percent. Remolded strength (strength of thoroughly kneaded sample)
was also determined with the vane apparatus. Subsamples for index
property testing were taken at the locations of strength measurements,
placed in plastic bags, and sealed in cans for later laboratory testing.
These samples, and those taken for triaxial and consolidation testing,

were transported to the laboratory in a refrigerated (4°C.) van.
Laboratory
Index Properties

The suite of index property tests (bulk density, water content,
liquid and plastic 1limits, and grain specific gravity) was conducted
according to procedures recommended by ASTM (1977), with two exceptions.
Grain specific gravity was measured with an air comparison pycnometer
and all water content data were corrected for salt content. Precisions
were: water content, + 37 (relative); 1liquid 1imit, + 3% (absolute);

plastic 1limit, + 2% relative. Derived from this basic data set were



plasticity index, 1liquidity index, and porosity. The values of the

index properties are presented in Appendix II.
Triaxial Testing

Consolidated undrained triaxial tests with pore pressure
measurements were conducted in accordance with procedures given by
Bishop and Henkel (1957). Briefly, for each set of tests three
specimens were cut from the prime core sample and trimmed to a right
cylinder 50 mm in diameter and 100 mm in height. The specimens were
then placed in triaxial  cells, saturated, and consolidated to
approximately 1.0, 2.0, and 4.0 times the assumed 1in situ overburden
prgssure. After consolidation was complete, the specimens were sheared:
generally at a rate of 0.015 mm/min. Data from all phases of the testé
were logged by an automatic data acquisition system.

The test results are presented in tables and graphs in
Appendix III. Information about each sample, including index
properties, test conditions, and 1laboratory data are given 1imn that
appendix along with a full explanation of symbols and graphs.

The angle of internal friction with respect to effective stress
(#°), which is necessary for evaluating slope stability, was derived
from p”—q diagrams. Specifically, a continuous plot of p~ = (01 + 05)/2
versus q = (01—02/2) each of the three levels of confining pressure
results in three stress paths, where 0; andOUj are the major and minor
principal stresses and 01 and 03 are the major and minor effective
principal stresses. The line that best encloses these stress paths is
drawn, and its slope and its intercept a are calculated. The values
of internal friction @° and cohesion C” are calculated from the

following relationships: sin@” = tang and C° = a/cos@”.



RESULTS AND INTERPRETATIONS

Analyses of the 13 cores recovered are still underway, as are the
analyses of the 21 piston cores recovered during sampling operations
during 1980. The results presented herein are thus partial, and
generalizations or interpretations based on them are subject to change.
All types of analyses that are complete or nearly complete for an entire

core are included in this report.

Shear Strength

The widespread occurrence of discrete sand layers, variable sand
percentages, and other 1lithologic inconsistencies observed during
cursory core descriptions indicate a complex depositional environment
which 1is reflected 1in the strength profiles (figs. 2a-21). In
particular, variations in sand percentage contribute to the sawtooth
nature of some of the plots (e.g., fig. 2e). Such textured variations
can greatly influence the strength even within a basically cohesive
sediment. Despite these variations the wusual strength increase with
depth is seen in most of the cores. A lack of strength increase with
depth is not unusual in such short cores, and it is not surprising that
this relationship did not show in all cases. Although strength usually
increases with depth, absolute strength values and the rates of strength
increase in the tested cores are quite variable. As examples, cores
PC-46 and PC-53 (figs. 21 and 2k) have an initial low shear strength and
increase gradually to a strength of about 6 pKa. The low rate of
increase along with the low absolute values indicate that these cores

are abnormally weak. In contrast, core PC-8 (fig. 2a) shows a rapid
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increase in strength up to 18 kPa at 4 m. This sediment is stronger
than would normally be expected despite the fact that its surface
strength is comparable to the previously mentioned cores. Overall, the
shear strengths of these sediments span values from below the limit of
accurate measurement (less than 0.5 kPa) to 46.7 kPa (see table 1). The
average value of 5.5 kPa 1is typical for cohesive surficial marine
sediments.

Sensitivity, the ratio of natural shear strength to remolded shear
strength of a sediment, 1s an important measure of the amount of
strength lost by a sediment after it has been disturbed by earthquakes
or other forms of loading. As shown in table 1, the mean sensitivity of
these sediments is about 6, which corresponds to an 86% reduction in
strength after remolding. According to the classification of Rosenquist
(1953), these sediments, on average, would be considered very sensitive
and range from insensitive to slightly quick. Marine fine-grain
sediments generally have sensitivities of 4 or 1less; thus these

sediments are slightly more sensitive than normal.

Index Properties

The water content, bulk density, and porosity data shown in table 1
would wusually be considered incompatible with the reported shear
strength data. 1In fact, they also differ markedly from the average
values for the Mid-Atlantic Slope reported by Keller and others (1979),
who found higher water contents and porosities, and lower bulk densities
than are shown in table 1. In this case these differences can be
attributed to the presence of sand. Cohesion and void space would be
reduced with an increasing percentage of sand and, therefore, strength,

water content, and porosity would decrease while bulk density would
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Table 1. Summary of geotechnical data

Natural Water Bulk
shear strength Sensitivity content density Porosity
(kPa) (%) (g/ce) (%)

min avg max min avg max min avg max min avg max min avg max

- 5.5 46.7 1.0 6.0 13.8*% 26 58 119 1.44 1.73 2.06 41 60 76

Liquid Plastic Plasticity Liquidity
limit limit index index
min avg max min avg max min avg max min avg max

21 48 91 15 23 40 8 25 60 0.73 1.42 2.20

*Because many samples were too weak to measure after remolding, these values are
minimums,
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increase. Thus, just as sand is 1in part responsible for some of the
erratic strength profiles, it also may be responsible for the unusual
combination of water content, bulk density, and porosity and shear
strengths noted here. Because the results of the textural analyses on
these cores are not yet available, the influence of sands in the cores
cannot be evaluated beyond the 1level that simple core description
permits.

Grain specific gravity, measured on 62 samples, averaged 2.70.
This value is typical of fine-grained terrigenous sediment and 1is
identical to the value reported for the Mid-Atlantic slope cores
recovered by Keller and others (1979).

The plasticity data, which here includes liquid and plastic limits,
plasticity index (liquid limit minus plastic limit), and liquidity index
(the ratio of natural water content minus plastic 1limit to plasticity
index) provide a means for classifying sediments. The plasticity chart
devised by Casagrande (1948) was used as the method of classification.
The chart 1is divided into fields that embrace the different plasticity
characteristics of different sediment (soil) types. Figure 3 1is the
plot of the samples from this study on such a chart. Note the spread of
data points along "Line A". This indicates that a wide variety of
sediment types are represented by the cores. Specifically, the
sediments have a 1low organic content and include sands, silts, and
clays. The fields marked as inorganic clays of low or medium plasticity
also include sandy and silty clays (Keller and others, 1979).
Approximately half of the samples from this study fall into those two
categories. This tendency toward coarse grain sizes is also reflected
on the data summary (table 1), which shows liquid 1limit, plastic limit,

and plasticity index values slightly below those of a sediment totally
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dominated by fines. Compared to typical values of many types of
terrestrial soils, these plasticity data do not imply any anomalous
sediment types or extraordinary conditions. The spread of the data on
the plasticity chart indicates a complex depositional environment, but
the area 1s characterized by sediments with a common range in texture
and common mineralogy.

The textural variability again manifests itself in the plastic
limit-liquid limit-water content plots (figs. 4a-41) that show the
changes in the three variables down core. An increase in the percentage
of coarser grain sizes is often mirrored by a decrease in both plastic
and 1liquid 1limit (the change in liquid limit generally being the most
striking), and in the plasticity (shown in the figures as the distance
between the two limits). Most of the cores show this effect to some
degree with some of the cores, e.g., PC-40 (fig. 4a), possibly
manifesting multiple changes in textural properties.

The vertical profiles of 1liquidity index, represented by the
relationship between natural water content and 1liquid 1limit, are also
shown in figures 4a-41. A profile typical of most surficial sediments
is observed in figure 4a. The water content is above the liquid 1limit
in the upper portion of core PC-8, then it falls below the liquid limit
for the remainder of the core. Although typical for most surficial
sediments, this relationship is not typical of most of the cores in this
study. Throughout their length, water content values consistently match
or exceed liquid limits. The average liquidity index of 1.40 (table 1)
underscores this relationship. Thus, upon remolding from a shock or
other mode of disturbance, these sediments would behave more as a liquid
than as a plastic, a fact that has implications regarding slope

stability. Further, these data also have implications regarding the
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consolidation state of the sediments. These are discussed in the

section on slope stability.
Triaxial Testing

The results of the triaxial tests are given in table II. These
data do not reflect any unusual sediment characteristics, although the
angle of internal friction ($°) is somewhat low for cores PC-53 and
PC-54. For the other cores the ¢ values are typical of essentially
fine-grain marine sediments. The highest value (29.9°) is associated
with PC-43. As inferred from the plasticity data (e.g., fig. 4f), this
core has relatively coarser grain sizes in its lower portion. This is
compatible with the higher friction angle noted here in that ¢§° tends to
increase with increasing grain size. The slightly lower values of 22.0°
and 21.5° for cores PC-53 and PC-54 may also indicate a textural effect;
in this case, finer grain sizes. A change to a smectite dominated clay
mineral suite may also be responsible for the low values.

Cohesion (C”) represents the strength of the sediment at zero
effective stress; that is, the strength due to interparticle attraction
alone. The values shown in table II are typical of the types of
sediment discussed thus far.

The stress—strain relationships of the samples indicate that
failure occurs generally between 2% and 20% strain. This large spread
reflects the variety of sediment present. Generally, strains above 5%
are common for cohesive sediments and plastic failure (i.e., no discrete
failure plane(s) 1is typical. Such was the case for these sediment. A
few samples reached failure at less than 5% strain, however, indicating
a less plastic sediment. Stress—strain curves are shown 1in

Appendix III.

38



Table II. Summary of selected triaxial data

c'
core (Pa) o
PC-39 7.8 25.2°
PC-40 4.0 26.0°
PC-43 8.7 29.9°
PC-44 7.4 27.5°
PC-45 2.7 29.1°
PC-46 2.2 24,1°
PC-52 4.8 27.5°
PC-53 1.9 22.0°
PC-54 5.5 21.5°

Average 5.0 kPa 25.9°
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SLOPE STABILITY

The geotechnical evidence clearly suggests that this area of the
Continental Slope has been subjected to a complex and variable pattern
of deposition in recent geologic time. It 1is an obvious hypothesis,
therefore, that the mass movement potential of these surficial sediments
is 1likewise wvariable. This hypothesis may be tested directly through
slope stability analysis and indirectly by determining the consolidation
state of the sediment.

Although several methods of stability analysis are applicable the
general infinite slope model was selected for use here. Other methods
will be presented in a later report. The general equation is:

F=(l - ue/y’ZCOSZa)tan¢'/tana
where F is the factor of safety against failure (<1 is unstable, >1 is
stable), u, 1is the excess pore pressure (relative to hydrostatic
pressure), Y~ is the buoyant unit weight (bulk density minus the density
of seawater), Z is the thickness of sediment, 3 is the slope angle, and
¢ is the angle of internal friction. For a first approximation, u, is
assumed to be zero, and the equation may be rewritten as
F = tanf”/tano

Therefore, failure should only occur where the slope was equal to or
greater than the angle of internal friction. Table IIT shows the
results of the calculations. The F values in all cases indicate that
these sediments are inherently stable. Thus, 1if they are normally
consolidated or overconsolidated, mass movement would be unlikely under
all but extreme circumstances.

A knowledge of pore pressures 1is absent in this study. This
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Table III. Factor of safety against mass movement
(F = tan ¢'/ tan a)

Core ok o F
PC-39 8° 25.2° 3.3
PC-40 11° 26.0° 2.5
PC-43 5° 29.9° 6.6
PC-44 9° 27.5° 3.4
PC-45 6° 29.1° 5.3
PC-46 9° 24.1° 2.8
PC-52 13° 27.5° 2.3
PC-53 10° 22.0° 2.3
PC-54 7° 21.5° 3.3

*Approximate slope angle
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absence presents the one serious drawback of applying this type of
analysis to these sediments: a state of normal consolidation (no excess
pore pressures) must be assumed. In particular, if a state of
underconsolidation exists, excess pore pressure is implied and the
calculated F values would be too high. Consolidation state can also be
used an an independent means for evaluating mass movement potential
because it can reflect the presence of abnormal strength or weakness in
a sediment column. All other properties being equal, overconsolidation
denotes a relatively high strength-stability under most circumstances,
normal consolidation denotes standard strength-stability at typical
slope angles and in the absence of outside forces, and
underconsolidation denotes relative weakness and highest probability of
sediment failure. Establishing a criterion for normal consolidation in
the context of this study is the key step, because normal consolidation
is the barometer for interpreting the other states.

By using the ratio of strength to overburden (Su/g'v), a state of
normal consolidation may be recognized. Skempton (1954) has shown that
for normally consolidated sediment the Su/g’v value is related to the
plasticity index in the following manner:

S4/07, = 0.11 + 0.00371
If we wuse the plasticity indices from this study an average value of
0.20 is predicted. The range is generally between 0.17 and 0.24. Thus,
values within this range indicate normal consolidation, ratios below the
minimum value indicate underconsolidation, and ratios above indicate
overconsolidation. Because the estimate of the Su/c'v range for normal
consolidation is only approximate because of the effects of disturbance
on the strength measurements (Su values), this criterion is restricted

to qualitative assessment. In fact, this uncertainty about data
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accuracy prevents us from using the Su/o'V ratio in an undrained
stability analysis, which will be presented when the question of
accuracy will have been more thoroughly addressed.

The vane shear data (S ) and computed overburden pressures (which
were determined by summing buoyant bulk density values) were combined to
get the Su/O’v values for the cores. Results of the comparisons are
shown in table IV. The Su/O’v value for each core represents an average
for the bottom meter or so. This comparison reduces the effects of the
inconsistencies in lithology or wundetected disturbance. Finally, the
qualitative statements concerning consolidation state are intentionally
conservative. That is, the core value had to be significantly below or
above the stated range for normally consolidated sediment before a core
was judged to be wunder or overconsolidated. Significance was
arbitrarily defined as more than a 25% departure from the values of the
end members of the range; thus, a value of 0.13 or less signified
underconsolidation and a value of 0.30 or more signified
overconsolidation. the analysis (table IV) indicates that the expected
variability of consolidation states is present. Of particular interest,
however, is that five cores may be underconsolidated. These are PC-40,
PC-43, PC-45, PC-46, and PC-53. The sites of these cores may be more
vulnerable to failure than the other sites at 1least in the upper few
meters.

Skempton (1970) has shown that the relationship of liquidity index
to overburden pressure may also be used to judge consolidation state.
At the overburden pressure presumed for these cores, a 1liquidity index
greater than 1.0 would indicate possible underconsolidation. This
criterion was met by each of the 5 cores previously labeled as being

underconsolidated. Accordingly, the factor of safety for these cores
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shown in table III would be smaller than the given value.

In summary, the slope stability and consolidation analyses suggest
that the surficial sediments in the study area are essentially stable,
although some sites may be marginally so.

Evaluating the potential for a major mass movement event (i.e.,
several tens of meters thick or more) is not possible because of the
limited penetration of the piston cores. If rates of deposition were
high at certain times in the past thick sections of underconsolidated
sediment could still exist. Because of the associated excess pore
pressures, marginally stable sediments may be present in some areas.
The fact that geophysical evidence indicates the absence of past large
mass movement events (Robb and others, 1981) may imply that the
sediments, even during the periods of rapid deposition, never reached a
critical value of F. This does not necessarily bear on the central
question of present-day stability, but, with assumed 1low rates of
deposition for the past several thousand years, it does suggest that
mass movement did not occur during the time that the slope would have
been the most vulnerable to failure. Further, given lower rates of
deposition and time, the excess pore pressures would tend to dissipate
and the sediments would become increasingly more stable. Until more
evidence becomes available, as from a deep-drilling program, the exact

condition of the sediment must remain unknown, however.

CONCLUSIONS

The following conclusions are based on analyses completed to date:
1. Erratic strength profiles and variability of index properties
implies that the Baltimore Canyon Continental Slope is a complex

depositional environment. The sediments are essentially inorganic
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sands, silts, and clays, and range from low to high plasticity. No
exotic minerals or abnormal textures were 1indicated by the
geotechnical data.

Based on slope stability analyses without pore pressure data, the
surficial sediments represented by Fhe cores are stable. However,
index property data and assessments of consolidation state suggest
that excess pore pressures may exist in some areas, and thus these
areas may be only marginally stable. This conclusion applies to
the sites of PC-40, PC-43, PC-45, PC-46, and PC-53.

All possible consolidation states are represented by the cores, as
judged from the strength and plasticity data.
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APPENDIX I
Geotechnical Properties

Shear Strength Data
Core no. Shear strength Shear strength

(length) Penetration . (natural) (remolded) Sensitivity
(m) (kpa) (kPa)

PC-8

(5.85 m) 0.25
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ND: no data - sample too weak for accurate strength measurement
D: Disturbed sample
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APPENDIX I
Geotechnical Properties

Shear Strength Data

Core no. Shear strength. Shear strength
(length) Penetration (natural) (remolded) Sensitivity
(m) (kPa) (kPa)
PC-40
(7.08 m) .10 ND ND -
.50 ND ND _ -
1.00 ND ND -
1.50 2.8 ND -
2.00 2.0 ND -
2.47 3.4 ND -
3.00 3.1 ND -
3.50 2.3 ND -
3.96 3.6 ND -
4.50 4.8 0.6 7.6
5.00 4.8 ND -
6.00 4.6 0.8 6.2
6.32 6.0 0.6 9.6
PC-41
(4.54 m) 0.15 1.2 ND -
0.50 5.4 1.0 5.4
1.00 3.6 0.5 7.2
1.85 6.8 1.1 6.0
2.35 3.4 1.1 3.0
2.85 5.1 1.2 4.3
3.20 6.3 1.5 4.2
3.50 8.0 0.8 10.7
3.90 5.3 ND -
PC-43
(9.42 m) 0.50 2.8 ND -
1.00 2.6 ND -
1.50 2.9 ND -
2.00 3.3 ND -
2.50 4.0 0.7 5.7
3.00 3.8 0.7 5.5
3.25 6.3 0.8 8.3
3.50 2.1 ND -
4.00 4.9 ND =
4.50 6.4 1.4 4.6
4.70 4.6 0.9 5.3
'5.00 4.4 ND _
5.50 9.8 ND -
6.00 3.5 ND -
6.50 4.1 ND -
7.00 5.5 0.6 9.8
7.40 6.6 0.8 8.2
8.00 6.3 0.8 8.3
8.50 7.8 0.8 9.6

ND: No data - sample too weak for accurate strength measurement
D: Disturbed sample
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APPENDIX I
Geotechnical Properties

Shear Strength Data

Core no. Shear strength: Shear strength
(length) Penetration (natural) (remolded) Sensitivity
(m) (kPa) (kPa)
PC-44 e
(4.50 m) 0.16 6.6 1.0 6.6
' 0.50 5.9 1.2 4.7
1.00 6.8 1.4 4.9
1.53 8.3 1.2 6.6
2.00 10.3 1.4 7.5
2.47 9.0 0.9 10.3
3.50 7.2 1.3 5.7
3.85 4.8 0.9 5.1
PC-45
(6.97 m) 0.41 1.8 ND L,/’ ' -
1.00 ND - -
1.50 2.1 ND -
2.00 2.1 ND -
2.50 3.4 ND -
3.00 4.8 ND -
3.50 12.8 2.5 5.1
4.00 4.6 ND -
4.50 6.5 0.9 7.0
4.90 3.1 1.1 2.8
5.60 4.1 1.2 3.2
6.00 3.8 1.8 2.1
6.35 3.0 1.4 2.2
PC-46
(7.05 m) 0.50 1.1 NDV// -
1.00 2.0 ND -
1.50 1.2 ND -
2.00 2.1 ND -
2.50 3.4 ND -
3.00 6.6 ND -
3.50 3.9 ND -
4,00 4.3 ND -
4,50 5.2 ND -
5.00 4.2 ND -
5.50 5.9 ND -
5.70 5.0 0.8 6.7
6.00 5.3 0.8 7.0
6.45 5.6 ND -
PC-51 )
(0.17 m) 0.05 15.5 - -
0.12 46.7 - -

ND: No data ~ sample too weak for accurate strength measurement
D: Disturbed sample
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APPENDIX 1
Geotechnical Properties

Shear Strength Data

Core no. - Shear strength Shear strength .
(length) Penetration (natural) (remolded) Sensitivity
(m) (kPa) (kPa)
PC-52
(6.73 m) 0.50 3.1 ND -
1.00 3.3 ND -
1.50 4.6 ND -
2.00 4.8 ND -
2.50 4.3 0.6 6.9
3.00 7.3 2.1 3.4
4.00 6.1 0.8 8.2
4.50 5.4 1.9 2.9
5.00 6.8 1.6 4.3
5.50 5.6 0.9 6.4
6.00 3.8 1.2 3.0
PC-53
(10.06 m) 0.50 5.4 0.9 5.7
1.10 1.7 w -
~1.50 1.9 0.6 3.0
2.00 1.9 ND -
2.58 2.6 0.9 3.0
3.00 2.1 0.6 3.4
3.50 3.9 0.9 4.4
3.91 1.9 0.8 2.5
4.50 5.3 0.9 5.6
5.00 4.9 ND -
5.60 5.7 ND -
6.00 5.5 0.9 5.9
6.50 5.8 ND -
7.00 5.6 ND -
7.50 6.6 0.9 7.1
8.00 5.0 0.9 5.7
9.00 D 1.1 -
9.40 D 1.1 -
PC-54 d/
(8.58 m) 0.20 1.9 1.9 1.00
0.55 2.7 0.6 4,30
1.15 1.5 ND -
1.50 1.3 ND -
2,00 0.9 ND -
2.43 3.4 ND -
3.00 3.1 ND -
3.50 3.8 ND -
3.90 3.6 ND -
4.50 3.5 ND -
5.00 4.8 ND -
5.50 5.8 ND -
6.00 6.8 ND -
6.50 9.5 ND -
7.00 7.7 0.8 10.3
7.50 8.6 1.1 8.0

ND: No data - sample too weak for accurate strength measurement
D: Disturbed sample £1



APPENDIX II
Geotechnical Properties

Index Properties
Core no, Penetration Water Bulk Porosity Liquid Plastic Plasticity Liquidity

(length) (m) content density (%) limit limit index index

(%) (g/cc)

PC-8
(5.85 m) 0.25 119 1.44 76 85 40 45 1.76
0.50 106 1.48 74 - - - -
1.00 93 1.52 71 75 33 42 1.43
1.50 66 1.66 64 - - - -
1.75 57 1.72 61 55 27 28 1.07
2.00 52 1.75 59 47 21 26 1.19
2.15 56 1.72 61 51 24 27 1.19
2.50 52 1.75 59 59 26 33 0.79
2,75 52 1.75 59 - - - -
3.50 51 1.76 58 57 27 30 0.80
4.00 50 1.77 58 58 26 32 0.75
4.25 50 1.77 58 59 26 33 0.73
5.00 50 1.77 58 - - - -
5.50 53 1.75 59 57 26 31 0.87
PC-13
(5.32 m) 0.32 63 1.67 63 - - - -
0.50 36 1.91 50 27 15 12 1.75
1.00 45 1.81 55 39 19 20 1.30
1.50 41 1.86. 53 39 19 20 1.10
2.00 62 1.68 63 59 25 34 1.09
2.50 58 1.71 61 51 24 27 1.26
3.00 61 1.69 62 55 24 31 1.19
3.50 52 1.75 59 53 22 31 0.97
4.50 59 1.70 62 57 26 31 1.06
5.00 60 1.69 62 62 24 38 0.95
5.25 65 1.66 64 60 25 35 1.14
PCc-39
(5.72 m) 0.25 62 1.68 63 - - - -
0.50 57 1.72 61 51 24 27 1.24
1.00 58 1.71 61 55 23 32 1.09
1.50 60 1.70 62 53 26 27 1.26
2.00 60 1.70 62 - - - -
2.50 57 1.72 61 52 26 26 1.19
2.70 57 1.72 61 46 23 23 1.22
3.00 43 1.85 54 45 21 24 0.92
3.50 50 1.77 58 - - - -
3.90 43 1.85 54 43 19 24 1.00
4.79 47 1.81 56 44 23 21 1.14
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APPENDIX II
Geotechnical Properties

Index Properties

Core no, Water Bulk Liquid Plastic Plasticity Liquidity
(length) Penetration content density Porosity limit limit index index
(m) (%) (g/cc) (%)
PC-40
(7.08 m) 0.10 78 1.59 68 57 27 31 1.68
0.50 77 1.60 68 54 25 29 1.79
1.00 77 1.60 68 52 23 29 1.86
1.50 60 1.70 62 43 22 21 1.81
2.00 65 1.67 64 - - - -
2.47 68 1.65 65 46 22 24 1.88
3.00 51 1.76. 58 33 17 16 2.12
3.50 54 1.74 60 36 18 18 2.00
3.96 54 1.74 60 37 20 17 2.00
4.50 54 1.74 60 40 20 20 1.70
5.00 50 1.78 58 36 18 18 1.75
6.00 56 1.73 60 45 21 24 1.46
6.32 47 1.80 56 34 21 13 2.00
6.56 48 1.79 57 39 19 20 1.45
PC-41
(4.54 m) 0.15 108 1.48 75 - - - -
0.50 79 1.59 68 - - - -
1.00 78 1.59 68 - - - -
1.85 34 1.95 48 26 15 11 1.73
2.35 29 2.02 44 - - - -
2.85 40 1.87 52 37 19 18 1.17
3.20 37 1.91 50 37 17 20 1.00
3.50 37 1.91 50 34 17 17 1.18
3.90 26 2.06 41 22 - - -
4.22 27 2,04 42 27 16 11 1.00
PC-43
(9.42 m) 0.50 62 1.69 63 - - - -
1.00 52 1.76 59 39 19 20 1.65
1.50 52 1.76 59 41 20 21 1.52
2.00 50 1.78 58 42 22 20 1.40
2.50 55 1.74 60 - - - -
3.00 67 1.65 65 56 25 31 1.35
3.25 72 1.62 66 - - - -
3.50 61 1.69 62 - - - -
4.00 81 1.58 69 61 35 26 1.77
4.50 73 1.62 66 57 26 31 1.52
4.70 66 1.66 64 52 24 28 1.50
5.00 76 1.60 67 60 25 35 1.45
5.50 67 1.65 65 62 26 36 1.14
6.00 66 1.66 64 52 22 30 1.47
6.50 30 2.00 45 23 15 8 1.88
7.00 36 1.92 49 31 17 14 1.36
7.40 28 2.03 43 23 15 8 1.62
8.00 27 2.05 42 21 - - -
8.50 32 1.97 47 - - - -
9.07 29 2.0%/ : 44 27 15 12 1.17
RS o
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APPENDIX II
Geotechnical Properties

Index Properties

Core no. Water Bulk Liquid Plastic Plasticity Liquidity
(length) Penetration content density Porosity limit limit index index
(m) (%) (g/ce) (%)
PC-44
(4.50 m) 0.16 43 1.84 54 - - - -
0.50 43 1.84 54 - - - -
1.00 38 1.90 50 35 18 17 1.18
1.53 50 1.78 58 44 21 23 1.26
2.00 44 1.83 54 - - - -
2.47 46 1.81 56 42 21 21 1.10
3.50 44 1.83 55 41 19 22 1.14
3.85 46 1.81 56 46 21 25 1.00
4,28 45 1.82 55 41 21 20 1.20
PC-45
(6.97 m) 0.41 79 1.59 68 60 30 30 1.60
1.00 - - - - - - -
1.50 62 1.69 63 - - - -
2.00 62 1.69 63 44 22 22 1.82
2.50 53 1.75 59 40 21 19 1.68
3.00 42 1.85 53 40 20 20 1.10
3.50 50 1.78 58 39 22 17 1.65
4,00 74 1.61 67 67 27 40 1.18
4.50 78 1.59 68 91 31 60 .78
4,90 82 1.57 69 80 29 51 1.04
5.60 72 1.62 66 64 27 37 1.22
6.00 67 1.65 65 - 27 - -
6.35 64 1,67 64 66 25 41 0.9
6.60 55 1.73 60 58 27 31 0.90
PC-46
(7.05 m) 0.00 87 1.55 70 61 30 31 1.84
0.50 70 1.64 65 50 23 27 1.74
1.00 81 1.58 69 59 25 34 1.65
1.50 80 1.58 69 53 25 28 1.97
2.00 74 1.61 67 - - - -
2.50 58 1.71 61 44 21 23 1.61
3.00 62 1.68 63 50 22 28 1.43
3.50 63 1.68 63 53 24 29 1.34
4,00 67 1.65 65 58 25 33 1.27
4.50 46 1.81 56 40 21 19 1.32
5.00 43 1.84 54 38 19 19 1.26
5.50 50 1.78 58 40 20 20 1.50
5.70 44 1.83 55 35 18 17 1.53
6.00 47 1.80 56 38 19 19 1.47
6.45 45 1.82 55 38 18 20 1.35
6.71 48 1.79 57 40 20 20 1.40
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APPENDIX II
Geotechnical Properties

Index Properties

Core no. Water Bulk Liquid Plastic Plasticity Liquidity
(length) Penetration content density Porosity 1limit limit index index
(m) (%) (g/cc) (%)
PC-52 0.50 - - - - - - -
(6.73 m) 1.00 51 1.77 58 38 17 21 1.62
1.50 48 1.79 57 39 17 22 1.41
2.00 47 1.80 56 38 18 20 1.45
2.50 47 1.80 56 39 18 21 1.39
3.00 56 1.73 60 53 24 29 1.10
4,00 54 1.74 60 53 24 29 1.03
4,50 51 1.77 58 - - - -
5.00 52 1.76 59 55 22 33 0.91
5.50 50 1.78 58 52 22 30 0.93
6.00 53 1.75 59 45 22 24 1.36
6.37 53 1.75 57 40 20 20 1.40
PC-~53
(10.06 m) 0.50 65 1.67 64 56 27 29 1.31
1.10 - - - - - - -
1.50 84 1.57 69 56 23 33 1.85
2.00 89 1.54 71 58 26 32 1.97
2.58 69 1.64 65 52 24 29 1.74
3.00 58 1.71 61 42 20 22 1.73
3.50 69 1.64 65 47 20 27 1.81
3.91 53 1.75 59 37 20 17 1.94
4,50 49 1.78 57 38 20 18 1.78
5.00 51 1.77 58 37 20 17 1.82
5.60 53 1.75 59 44 21 23 1.52
6.00 51 1.77 58 39 23 16 1.77
6.50 54 1.74 60 41 21 20 1.65
7.00 55 1.74 60 43 23 20 1.60
7.50 52 1.76 59 38 20 18 1.78
8.00 51 1.77 58 40 21 19 1.58
9.00 48 1.79 57 41 20 21 1.33
9.40 51 1.77 58 43 22 21 1.38
9.66 50 1.78 58 b 20 24 1.25
PC-54
(8.58 m) 0.20 89 1.54 71 61 26 35 1.80
0.55 76 1.60 67 62 27 35 1.40
1.15 86 1.56 70 57 25 32 1.91
1.50 89 1.54 71 54 25 29 2.20
2,00 70 1.64 65 52 24 28 1.64
2.43 76 1.60 67 59 27 32 1.53
3.00 68 1.65 65 44 23 21 2.14
3.50 65 1.67 64 45 22 23 1.87
3.90 67 1.65 65 50 24 26 1.65
4.50 66 1.66 64 47 24 23 1.83
5.00 55 1.74 60 45 21 24 1.44
5.50 58 1.71 61 44 23 21 1.67
6.00 64 1.67 64 55 27 28 1.32
6.50 64 1.67 64 58 31 27 1.22
7.00 67 1.65 65 59 21 38 1.21
7.50 70 1.64 65 58 27 31 1.39

8.28 59 1.70 62 62 30 32 0.91
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APPENDIX IIT
Geotechnical Properties

GENERAL TEST INFORMATION

SAMPLE INFORMATION
SAMPLE 1D GD-2R, PC-39; 300/340 .

INTERVAL (meters): 4.61-4.73
GENERAL LOCATION- BALTIMORE-HUDSON CANYON AREA .
4 DESCRIPTION: - OLIVE-GRAY CLAY -
DATE FINISHED: 1/15/80

INDEX PROPERTIES

MOISTURE CONTENT: 0.42
BULK DENSITY (g/cc): 1.83
VOID RATIO: 1.12
POROSITY: 0.5

2.7

W W

GRAIN SPEC GRAVITY (g/cc):

SAMPLE PARAMETERS

HEIGHT C(mm): 100.00
DIAMETER (mm) : 50.00
AREA (sq. mm):  1863.50

VOLUME Ccc): 196.35

WEIGHT (gm): 351.40

- TEST RESULTS

%SATURATION PHASEX

READING CELL PRESSURE DELTA C PORE PRESSURE DELTA P B
kPa . kPa kPa kPa
1 50.00 ) 47.82
2 100.00 50.00 96.40 48.58 0.97
3 150.00 50.00 145.87 49.47 0.99
4 200.00 50.00 - 195.27 49.40 0.99
5 - 3406.00 140.00 335.94 140.67 1.00

X%CONSOLIDATION PHASEX

CELL PRESSURE (kPa)d: 340.00

. BACK PRESSURE (kPa): 300.00

CONSOLIDATION FRESSURE (kPal: 40.00
ASSUMED EFFECTIVE

OVERBURDEN PRESSURE (kPa)d: 36.83
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CHANGES 1IN PROPERTIES DUE TO CONSOLIDATIQON

PROPERTY INITIAL VALUE CONSOLIDATED VALUE

-HEIGHT Cmm) s 100.00 ' 98.46

AREA (sg. mm): ~-1963.50 18903.58

VOLUME (cc): 196.35 187.43

WATER CONTENT: 0.42 0.38

POROSITY: 0.53 0.339

VOID RATIO: 1.12 0.65

BULK DENSITY (g/ccl: 1.83 1.87

BOUYANT BULK DENSITY (g/cc): 0.80 0.84

Z SATURATION: 100.00 100.00

MEASURED PROPERTIES

READING - TIME Log TIME  Sqrt TIME DVOL
{sec) (cec)

1 0 -4.00 0.00 0.00
2 4 0.60 ©2.00 . 0.12
3 10 1.00 3.16 ¢.25
4 20 1.30 4.47 0.42
s 38 1.58 6.16 0.66
6 73 1.86 8.54 1.02
7 139 . 2.14 11.79 1.56
8 269 - 2.43 16.40 2.38
9 527 2.72 22.96 3.58
10 1041 3.02 32.26 5.15
11 © 2068 3.32 45.48 6.74
12 - 4118 3.61 64.17 7.€0
13 7120 3.8% 84.38 8.21
14 16122 4.01 " 106.61 8.36
15 13124 4.12 114.56 8.44
16 16126 4.21 126.99 8.49
17 19128 4.28 138.30 8.53
18 22131 4.35 148.76 8.57
19 25133 4.40 158.53 - .8.59
20 28135 4.45 167.73 8.62
21 31137 4.49 176.46. 8.63
22 34139 4.53 184.77 3.65
23 37141 4.57 192.72 . 8.67
24 40143 4.60 200.36 8.68
25 43145 4.63 207.71 ' 8.69
26 46143 4.66 214.82 £8.70
27 42150 4.69 221.70 8.71
28 52152 4.72 228.37 8.72
29 55154 4.74 234.85 8.73
30 58156 4.76 241.16 8.74
31 61158 4.79 247.30 8.75
32 54160 4.31 253.30 8.75
33 67162 4.83 259. 16 8.75
34 70165 4.85 264.89 8.76
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Ao (sq. mmd:
Lo (mm):

A

73167
76169
79171
82173
85175
88177

81180 -

94182

97184
160186
103188
106190
109192
112194
115197
118199
121201
124203
1272905
130207
133209
136211
139214
142216
145218

LPHA:

%#SHEAR PHASEX

4.38€
4.97
4.99

5.00
“5.01

5.03
5.04
5.05
5.06
5.07
5.08
5.09
5.10
5.11
5.12
5.13
5.14
5.15
5.16

270.49
275.99
281.37
286.66
281.85

. 296.95

301.96
306.89
311.74
316.52
321.23
325.87
330.44
334.95
339. 41
343.80
348.14
352.42
356.66
360.34
364.98
369.07
373.11
377.12
381.07

0.98 Sin ¢': don ok

1903.58
98.46

P

@

<

CELL PRESSURE (kPa):
STRAIN RATE: -

MEASURED PROPERTIES

. 015 mm/

READING

N DU D WN R

DVOL
(cc)
0.00
0.01
-0.02
0.01
0.01
-0.00
0.061
0.02

PORP
(kPa)
301.7¢S
304.14
314.11
318.05
319.36
319.78
320.76
321.18

min .

=k

340.00

DLNG AXFO
Com) )
0.00 0.00
0.27 7.63
0.55 45.73
7.80 58.52
1.09 67.86
1.4% 74.80
1.68 30.80
1.98 86.50

Q0 0 b b b WeoWMWOWMWOEO®MOWMOY NN
8 % S g g g QOUOWONNDIONTAUWUUR =Y DN

.

00 ¢ O O 00 00 00 00 O OO D OO O MMMO®©

CELP
CkPad
340.00
340.00
340.00
340.00
340.00
340.00
340.00 .
340.00

TIME
(sec)

1322
2645
33867
5289
6611
7933
9255




10
11
12
13
14
i5
.16

-
-

18
i8
20
21
22
23

0.01
0.01
0.02
0.01
0.01
0.02
0.02
0.02
0.01
0.03
0.03
0.01
8.02
0.03

06.02 -

0.02
0.03
0.03
0.03
0.02
0.04
0.05
0.04
0.03
0.05
0.05
0.05
0.04
0.05
0.06
0.05
0.05
0.05
0.07
0.06
0.06
0.05
0.06

. 6.06

0.08
0.07
0.07
0.06
0.06
8.08
0.908
0.07
0.07
0.09
0.09
0.08

320.73
321.15
321.21
320.92
320.53
321.02
321.12

320.59
- 320.50

321.05

320.73"

320.63
321.18
321.34
320.92
321.08
321.51
321.60
321.28
321.28
322.03
322.0€
321.57
321.51

322.35

322.26
321.90
321.90
322.16
322.29
321.96
322.19

322.16°

322.65
322.71
322.62
322.42
322.42
322.75
322.88
322.62
322.45

322.48:

322.52
323.17
322.88
322.58
322.71
327.33
322.94
322.62
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90.84
93.71
86.11
98.13
99.56

100.41 -

101.338
101.89
101.62
ici1.e62
101.77
1ic1.62

101.38

101.58

-101.31

100.92

-100.69

100.69
100.69

106.22 .

99.85
100.38
100.45
100.34
100.25
100.76

©100.88

100.69
100.61
i01.07
101.27
101.19
101.03
101.27
102.97
102.00
102.08
101.73
102.16
102.78

- 103.09

103.13
103.24
103.28
103.67
104.10
104.60
104.68
105.10
105.69
105.88

340.00
340.00
340.00
340.00
340.00
340.060
340.00

$340.00

340.00
340.00
340.00
340.00
340.00
340.00
340.00
340.00
340.00
340.00
340.00
340.00
340.00
340.C0
340.00
340.C0
340.00
340.00
346.00
340.00
340.00
340.00

340.00

340.00
340.00
340.00
340.00
340.00
340.00
340.00
340.00
340.00
340.00
340.00
340.00

340.00

340.00
340.00
340.00
340.00
340.00
340.00
340.00

10577

© 11899

13222
14544
158€6 .
17188

18510

19832
21154
22476 .
23799
25121
26443

. 27765

29087
30410
31732
33054
34376
35698

"37020

38342
39665 -
40987
42309
43631
44953
46275
47597
48920
50242
51564
52886
54208
55530
56852
58174
59497
60819
62141
63463
64735.
66107
67429
68752
70074
71396
72718
74040
75362
76684



60

DERIVED PROPERTIES

0.09

READING STRAIHNA

1
2
3
4
5
6
7
e

9
10
11
12
13
14
15
16
17
1e
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

-
35

37
38
39
40
41
42
43

0.0000
0.0027
0.0056
0.0082
0.0111
0.0143
0.0171
0.0201
0.0236
0.0268
0.0300
0.0334
0.0369
0.0401
0.0435
0.0472
0.0505
6.0339
0.0576
0.0612
0.0647
0.0682
0.0720
0.0756
0.0790
0.0826
0.0863
0.0899
D.0933
D.0369
0.1005
0.1041
0.1075
0.1110

0.1146.

0.1182
0.1216
0.1252
0.1288
0.1324
0.1359
0.1392
0.1429
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323. 46 19.97 106.03
TOTAL
STRESS

S161 SI163 . RATIO EFFSIG1

(kPa) CkPad (kPa)
.340.00 340.00 1.00 38.21
344.00 340.00 1.01 39.88
363.89 ‘340.00 1.07 - 48.78
370.49 340.00 1.02 52.44
375.25 340.00°  1.10 55.90
378.73 340.00 1.11 58.95
381.72 340.00 1.12 €0.97
334.53 340.006 . 1.13 63.34
386.53 340.00 1.14 65.87
387.91 -340.00 1.14 66.76
388.98 340.00 1.14 - 67.76
389.83 340.00 1.15 68.91
390.37 340.00 1.15 69.84
3380.63 . 346.00 1.15 €9.61
390.94 340.00 1.15 69.82
391.00 '340.00 1.15 -70.41
390.73 340..00 1.15  70.23
390.51 340.00 1.15 '62.46
330.38 340.00 1.15 69.66
390.11 340.00 1.15 ©€9.49
389.82 340.00 1.15  68.€3
389.72 340.00 1.15 €8.37
389.39 340.00 1.15 68.47
389.01 340.00 1.14 67.92
388.71 340.00 1.14 ©7.20
388.52 340.00 .  1.14 €6.92
388.33 340.00 1.14 67.05
387.92 340.00 1.14 66.64
387.61 340.00 1.14 65.58
387.62 340.00 1.14 65.56
387.47 340.08 - 1.14 65.89
387.22 340.00 1.14 65.72
387.01 340.0C0 1.14 ©64.65
387.06 340.00 1.14 64.80
386.92 340.00 1.14  65.02
386.64 340.00 1.14 64.74
38€.42 340.00 1.14 64.27
386.45 340.00 1.14  64.16
386.35 340.900 1.14 €4.3S
386.12 340.00 1.14 63.93
385.86 340.00 1.13  63.70
385.79 340.00 1.13  63.15 -
386.36 340.00 1.14 63.65

340.00 78007
EFFECTIVE
STRESS
EFFSIG3 RATIO
(kPa)d
' z8.21 - 1.00
35.86 1.11
25.89 1.92
21.95 2.33
20.64 2.71
20.22 2.92.
19.24 3.17
18.82 3.37
18.28 3.42
18.85 3.54
15.79 3.61
19.08 3.61
19.47 3.59
18.98 3.67
18.88 3.70
10.41 3.63
19.50 3.60
18.95 3.67
19.28 3.61-
"19.37 3.59
18.82 3.65
18.66 3.67
19.08 3.59
18.92 3.59
18.49 3.63
18.40 3.64
18.72 3.58
18.72 3.56
17.97 3.65
17.94 . 3.65
.18.43 3.58
18.49 3.55
17.65 3.66
17.74 3.65
18.10 3.59
18.10 3.58
17.84 3.60°
17.71 3.62
18.04 3.57
17.81 3.59
17.84 3.57
17.35 3.64
17.29 3.68



44
a5
46
47
48
49
50
51
52
53
54
55

56 .

57
58
59
60

0.1464
0.1499
0.1535
0.1569

.0.1604

0.1640
0.1675
0.1711
0.1746
0.1780
0.1817
0.1852
0.1887
0.1922
0.1958
0.1994
0.2028

385.74
385.59
385.24
385.25
385.33
385.27
385.160
384.96
384.78
384.77
334.75
384.77
384.61
384.60
384.65
384.53
384.41

340.00
340.00
340.00
340.00

'340.00

340.00
340.00
340.00
340.00
340.00
340.00
340.00

340.00-

340.00
340.00

340.00 .

340.00

DERIVED PROPERTIES (cont.) .

READING

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

o .
owoN Q NDHDUWUN MR

q
(kPad

0.00

2.00
11.94
15.25
17.63
19.37
20.86
22.26
23.30
23.95

. 24.49

24.91
25.18
25.32
25.47
25.50
25.36
25.25
25.19

25.06 -

24.91
24.86
24.69
24.50
24.36
24.26
24.16
23.96

4

p
(kPad

38.21
37.8€
37.83
37.18
38.27
39.59
40.10
41.08
42.57
42.81
43.28
43.99
44.66
44.30
44.35
44,91
44.87
44,20
44.47
44.43
43.73
43.52
43.77
43.42
42.85
42.66
42.89
42.68
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1.13
1.13
1.13

1.13 .

1.13
1.13
1.13
1.13
1.13

1.13

1.13
1.13
1.13
1.13
1.13
1.13
1.13

~

£
~
R

.

VU ANTANANNANANNAANANNNANANGNND AW O

NONNDDAOAONNONNNSNNNDINNOODUULENOOD RO o

63.12
' 63.17
62.82
62.50
62.46
62.66

62.65 .
62.47 -

62.26
61.60
61.87
62.19
61.90
61.27
61.71
61.92
60.94

DEVIATOR
STRESS
(kPad
0.00
4.00
23.89
30.492
35.2%
38.73
41..72
44.53
46.59
47.91
48.98
49.83
50.37
50.63
50.94
+51.00
50.73
50.51
50.38
50.11
49.82
49.72
49.39
49.01
48.71
48.52
48.33
47.92

17.39 3.63
17.58 3.59
17.58 3.57
17.26 3.62
17.13 3.65
17.39 - 3.60
17.55 3.57
17.52 "3.57
17.48 3.56
16.83 "3.66

.17.13 3.61 .

17.42 3.57
17.29 3.58
16.67 3.68
17.06 3.62
17.39 3.56
16.54 3.69

-MEAN
EFFECTIVE
STRESS
{(kPad

38.21
37.18
33.85
32.11
32.39
33.13
33.15
33.66
34.81
34.82
35.11
35.69
36.26
35.86
35.86
36.41
36.41
35.79
36.07

'36.08

35.42
35.23
35.54
35.25
34.73
34.57
34.83
34.69



29
30
31

32

33
34
35

- 36

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

. 59

60

-2.41
2.08
3.11
0.27

-3.97

-2.09
2.61
0.00

-1.21.

5.26
3.18
-1.02
0.13
-7.01
0.11
0.16
1.28
0.00

52.13

1.50
4.38
0.94
-0.22
-0.19
-45.08
15.41
-11.53
-0.80
-81.11
-8.61
2.76
0.00

23.80
23.81
23.73
23.61
23.50

23.53
.23.46

23.32
23.21
23.22

23.17 .

23.06
22.93
22.90
23.18
22.87
22.79
22.62
22.62
22.67
22.64

22.55°

22.48
22.39
22.38
22.37
22.39
22.31
22.30
22.32
22.27
22.20

41.78
41.75

42.16
-42.10

41.15
41.27
41.56

"41.42

41.05

40.94 -

41.21
40.87
40.77
4C.25
40.47
40.25
40.37
40.20
39.88
39.79
40.02
40.10
39.99
39.87
39.22
39.50
393.80

- 39.59

38.97
39.38
3S.65
38.74
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47.61
47.62

' 37.47
. 47.22

47.01
47.06

- 46.92

46.64

46.42°

46.45
46.35
46.12
45.86

A35.79 -

46.36
45.74
45.59
45.24
45.25
45.33
45.27

45.10

44.96
44.78

44.77 .

44.75
44.77
44.61
14.60
44.65
44.53
44.41

33.34
33.81
34.25
34.23
33.32

33.43

33.74

"33.65

33.32
33.12.
33.49
33.18
33.13
32.62
32.74
32.63
32.78
32.66
32.34
32.24
32.48
32.58
32.50
32.41
31.75
32.04
32.34
32.16
31.54 .
31.94
32.23
31.354
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Ax TEST RESULT
GENERAL TEST INFORMATION
. SAMPLE INFORMATION
SAMPLE ID:  GD-2R, PC-39; 3007380
INTERVAL (meters): 4.73-4.85 ) .
GENERAL LOCATION: BALTIMORE-HUDSON CANYON AREA
DESCRIPTION: OLIVE-GRAY CLAY
DATE FINISHED: 1/15/80
INDEX PROPERTIES
MOISTURE COMTENT: 0.47
BULK DENSITY (g/cc): 1.78
VOID RATIO: 1.25
PCROSITY: 0.56
GRAIN SPEC GRAVITY (g/cc): 2.73
LIQUID LIMIT CXD): 44.00
PLASTIC LIMIT .C%): 23.00
SAMPLE PARAMETERS
HEIGHT (mm): 100.00
DIAMETER Cmm): 50.00
AREA (sq. mmd:. 1963.50
VOLUME Cce)d: 196.35
WEIGHT (gm): 349.60
TEST RESULTS
%SATURATION PHASEX
READING CELL PRESSURE DELTA -0 FODRE PRESSURE DELTA P B
kP2 kPa kPa kPa
1 56.00 52.96
2 100.00 50.00 107.14 54.1¢ 1.¢8
3 150.00 50.00 146.00 33.86 0.78
4 200.00 50.00 196.70 50.70 1.01
5 330.00 180.00 375.69 178.99 0.99
XCONSOLIDATION PHASEX
CELL PRESSURE (kPa): 380.00
BACK PRESSURE (kPa): 300.00 .
CONSOLIDATION PRESSURE (kPa): 80.00
ASSUMED EFFECTIVE
OVERBURDEN PRESSURE (kPa): 35.54
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CHANGES IN PROPERTIES DUE TO CONSOLIDATION

PROPERTY INITIAL VALUE CONSOLIDATED VALUDE
HEIGHT (mm): 100.00 97.11
AREA (sq. mm): 1963.50 1851.€9
VOLUME (ce): 196.35 179.82
WATER CONTENT: 0.47 . 0.40
PDROSITY: 6.56 0.42
VOID RATIO: 1.25 : 0.73
BULK DENSITY (g/cc): . 1.78 1.85
BOUYANT BULK DENSITY (g/cc): - 6.75 0.83
X SATURATIOHN: 1060.00 100.00

.. MEASURED PROPERTIES

.READING T TIME Log TIME Sqrt TIME DVOL
(sec) (ce)

1 0 -4.00 0.00 0.09
2 4 0.60 2.00 0.09
3 10 1.00 3.16 0.21
4 20 1.30 4.47 . 0.36
5 38 1.58 6.16 6.59
6 72 1.56 . 8.49 0.94
7 138 2.14 11.75 1.59
K:; 268 2.43 1€.37 2.38
9 527 2.72 22.96 3.77
10 1941 3.02 32.26 5.82
11 2067 3.32 45. 48 8.55
12 4117 3.61 64.16 11.39
13 7119 3.85 £4.37 13.22
14 10121 4.01 100.60 14.08
15 13123 4.12 114.56 14.5¢6
16 16126 4.21 126.99 14.86
17 19123 4.28 - 138.30 15.07
i8 22130 4.34 - 148.76 - 15.23
19 25132 4.40 158.53 15.3e
20 28134 4.45 167.73 15.46
21 31136 4.49 176.45 15.54
22 34138 4.53 184.76 15.62
23 37141 4.57 192.72 15.€8
24 40143 4.60 200.36 5.74
25 43145 4.63 . 207.71 15.79
26 46147 4.65 | 214.82 15.83
27 49149 . 4.69 221.70 . 15.87
23 52151 4.72 228.37 15.91
29 55153 4.74 234.85 15.35
30 58155 4.76 241.15 ~15.98
31 61158 4.79 247.30 16.01
32 64160 4.81 253.30 16.04
33 67162 . 4.83 255.16 16.06
34 70164 4.85 264.88 16.09
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35 73166 4.86 270.49 16.11

36 76168 4.88 - 275.99 . 16.14
37 79170 - 4.90 281.37 16.17
38 82173 4.91 286.66 16.20
39 85175 4.93 . 291.85 16.22
419 &§8177 4.95 .. 296.95 16.24
41 91179 4.96 301.96 16.27
42 94181 4.97 306.89 - 16.28
43 97183 4.99 311.74 16.31
44 160185 .5.00 316.52 16.33
45 103187 5.01 321.23 16.35
416 106189 5.03 325.837 "16.3

47 . 109191 5.04 330. 44 16.38
48 112194 5.05 334.95 16.39
49 . 115196 5.06 ° 339. 41 16.41°
50 118198 5.07 343.80 16.42
51 121200 5.08 348.14 16.43
52 124202 5.09 352.42 16.45
53 127204 5.10 356.66 16.456
54 130206 5.11 360. 84 16.47
55 133209 - 5.12 364.98 - 16.4®
56 136211 5.13 369.07 1€.49
57 132213 5.14 373.11 " 16.51%
58 142215 5.15 377.11 16.52
59 145217 5.16 381.07 - 16.53

ALPHA: 0.97

Ao (sq. mm): 1851.69

Lo (mm):- 97.11

*SHEAR PHASEX.

CELL PRESSURE C(kPa): 380.00
STRAIN RATE: .015 mm/min

MEASURED PROPERTIES

READING DVOL PORP DLNG AXFO CELP TIME
(cel (kPad (mm) (N (kPad (sec)

1 0.00 301.28 0.00 0.00 380.00 -1

2 0.01 306. 30 0.29 14.83 350.00 1323

3 0.00 321.94 0.60. 73.89 . 380.00 264%

4 0.00 330.87 0.88 98.79 380.00 3967

) 0.02 336.15 i.19 12.53 330.00 5289

6 - 0.00 339.49 1.52 121.76 380.00 6611

7 6.00 341.93 1.81 128.63 380.00 7933

8 0.01 344.10 2.16 134.23 380.00 9255
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S
10
11
12
13
14
15
16
17
i8
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

42

47

0.00
-6.00
0.00

0.01 "

-0.00

-~-0.00

0.00
-0.00
-0.01

0.00
-0.00
-0.00
-0.00

0.00
-0.00
-0.00
-0.01

0.09
-0.01
-0.00
-0.00

0.01

0.00
-0.00
-6.00

0.00

0.00
-0.00
-0.01

€.00

0.00
-0.00
-0.01
-0.00

0.00
-0.00
-0.00
-0.01
-0.01

0.01

6.00

0.61

0.00

0.00

0.01

0.01

0.01

g.01

0.01

0.02

0.01

345.27
346.51
347.59
348.42
348.77
3498.47
350.36
350.58

50.90
351.63

351.82°

352.08
352.49

352.93

353.00
353.12
353.51
353.89
353.92
353.86
354.30
354.65
354.62
354.55
355.03
355.19
355.19
355.06
355.35
355.70
355.54
355.67
355.54
356.14

356.14

355.95
355.99
356. 05
356.30
356.68
356.37
35€.40
356.49
356.56
357.10
357.1¢6
357.07
357.03
357.51
357.61
357.5%

2.83
3.17
3.53
3.87
4.20
4.54
4.91
5.28
5.60
5.97
6.32
6.66
7.02
7.37
7.73
8.06
8.41
8.77
9.12
9.46
3.80
10.15

10.50 .

10.83
11.18
11.53
11.88
12.21
12.55
12.91
13.26
13.€0
13.93
14.23
i4.64
14.93
15.35

15.69 .

16.04
16.40
i6.76
17.11
17.47
17.81
18.17
18.54
18.89
18.24
19.60
19.96
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138.38
140.83

"142.58

143.46
144.20
143.98
144.64
144.73

144.38.
" 144.38

144.51
144.38
144.33
144.38
144.51
144.1¢
143.94
144.38
144.20
144.07
143.76
144.42
144.38
144.25

144,07

144.73
144.60
144.47
134.20
144.77
144.73
144.55
144.25
144.29
144.86
144.64
144.55

144.07.

144.16

-144.51

144.64
144.51
144.25
143.81
144.07
144.064
144.68
144.29
144.60
144.39
144.73

380.00
380.00
380.00
380.00
380.00
380.00

380.00 .

380.00

380..00

380.00

' 380.00

380.00
380.00
36806.00
380.00
380.00
380.00
380.00
380.00
380.00
380.°C

380.00
380.00
380.00
380.0¢C

380.00

380.00
380.00
380.00
380.00
380.0G0
380.00
380.00

-380.00

380.00
380.00
380.00
380.00
380.00
380.00
330.00

380.00 -
330.00 .

380.00
380.00
380.00
380.00
380.00
380.00
380.00
380.00

- 105783

11300
13222
14544
15866
17188
18510
19832
21155
22477
23798
25121
26443
27765
23087
30409
31732

. 33054

34376
35698
37020
38342
39664 .
40986

42308
43630
449853
46275
47597
42919
50241
51563
52885
54208
£5530
56852
58174
59496
60813.
621490
63463

- 64785

66107
£7429
68751
70073
71386
72718.
74040

- 75362

76684



60

DERIVED PROPERTIES

0.01

READING STRAINA

[y
QWO NDUNDWN -

Db b DWW W W WWWWWMNRNNMNONMNNNDRNDN PP b e b b b b e
WN R o O JdOUDDWNR2RL O OUONNDULWNRSOONOUAWND R

0.0000
0.0030
0.0062
0.0091
0.0123
0.0156
0.0187
0.0222
0.0259
0.0292
0.0327
0.0364
0.0398
0.0433
0.0468
0.0506
0.0544
0.0576
0.0614
0.0651
0.0686
0.0723
0.0759
0.0756"
0.0830
0.0866
0.0903
0.09338
0.0974
0.1009
0.1046
0.1081
0.1115
0.1151
0.1187
0.1223
0.1257.
0.12393
0.1329
0.13€5
0.1400
0.1435
G.1471

357.67 20.31 144.82
TOTAL
STRESS

S1G1 SIG3 . RATID EFFSIG!

CkPa) (kPa) " (kPad
380.00 380.00 1.00 78.73
387.99 380.00 1.02 ©1.69
419.86 380.00 1.10 97.72
432.87 380.00 1.14 102.00
440.02 380.00 1.16 103.87
444.73 385.00 1.17 105.24°
448.17 380.00 1.1 106.23
450.88 380.00 1.1 106.78
452.79 380.00 1.19 107.52
453.84 380.00 1.19 107.33
454.48 380.00 1.20 106.89
454.65 380.00 1.20 . 106.24
454.77 386.00 1.20 106.01
454.33 380.00 1.20 104.92
454.46 380.00 1.20° 104.10
454.21 380.00 1.20 103.63
453.73 380.00 1.19 102.83
453.48 380.00 1.19 101.85
453.25 380.00 1.19 101.43
452.89 380.00 1.19 100.82
452.60 380.00 1.19 100.11
452.33. 330.00 1.19 99.40
452.12 380.00 1.183 93.12 -
451.66 380.00 1.19 98.53
451.28 380.00 1.18 97.77
451.22 380.00 1.19 97.33
450.85 380.00 1.18 95.93
450.50 380.00 1.19 96.65
450.08 380.00 1.18 95.78
450.12 380.00 1.18 95.48
449.82 320.00 1.18 85.20
449.48 380.00 1.18 94.92.
449.13 380.00 1.18 94.10
449.16 380.00 1.18 93.97
448.82 380.00 1.18 93.63
448.48 380.00 1.18 93.41
448.08 38C.00 1.18 92.7
448.08 380.00 1.18 92.38
447.77 380.00 1.18 92.23
447.41 380.00 1.18 91.74
446.383 380.00 1.18 91.45
446.74 380.00 1.18 90.60
446.72 350.00 1.18 90.58

68

380.00 -78006
EFFECTIVE
STRESS
-EFFSIG3 RATIO
C(kPa)
78.73 1.00
73.70 1.11
58.06 1.68
49.13 2.08
.43.85 2.37
10.51 2.60
38.07 2.79
35.91 2.97
34.73 3.10
33.49 3.20
32.41 3.30
31.58 3.36
31.23 3.3
30.53 3.44 .
29.64 3.51
29.42 3.52
29.10  3.53
. 28.37 3.59
28.18 3.60
27.93 3.61
27.51 3.64
. 27.07 3.67
27.00 3.67
T 26.88 3.67
- 26.50 3.69
26.11 3.773
26.08 3.72
26.15 3.70
25.70 3.73
25.35 3.77
25.38. 3.75
25.45 3.73
24.97 3.77
24.81 3.79
24.81 3.77
24.94 3.75
24.65 3.76
24.30 3.80
24.46 3.77
24.33 3.77
24.46 3.74
23.86 3.860
23.86 3.80



44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

59
€0

DERIVED PROPERTIES (cont.

0.1507
0.1544
0.1580
0.1615
0.1652
0.1689
0.1725
0.1762
0.1798
0.1834
0.1871
0.1909
0.1945
0.1982
0.2019
0.2056
0.2091

446.34
446. 01

' 445.51

445.28
443 .15
444.92
444.58
444.17
443.70
443.53
443.50
443.22
442.76
442.62
442.49
442.09
441.85

30.00
380.00

380.00 -

380.00
380.00
380.00
380.00
580.00

.380.00

380.00
380.00
380.00
380.00

380.00

380.00
380.00
380.00

-READING

O WNODODLE WM

14
15
i6
17
18
i9
20

21.

22
23
24
25
26
27
28

(kPa2
0.00
3.99

19.83

26.43

30.01

32.36

" 34.08

35.44
36.40
36.92
37.24
37.33
37.39

37.20 .

37.23
37.1¢0
36.87
36.74
36.62
35.45
36.30
36.17
36. 06
35.83
35.64
35.61
35.42
35.25

4

(kPa)
78.73
77.70
77.89.
75.56
73.86
72.88
72.15
71.34
71.13
70.41
€9.65
68.91

- 68.62

67.73
66.87
66.52
65.97
65.11
64.80
64.37
63.81
63.23
63.06
62.70
62.13
61.72
61.50
61.40
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1.17
1.17
1.17

"1.17

1.17

1.17

1.17
1.17
1.17
1.17
1.17
1.17
1.17
1.16
1.16

1.16

1.16

q/p

0.00
0.05
0.25
0.35
0.41
0.44
0.47
0.50
0.51
0.52
0.53
0.54
0.54
0.55
0.56
0.56
0.56
0.56
0.57
0.57
0.57
0.57
9.57
0.57
0.57

0.58

0.58
0.57

90.38
90.03
89.46
88.97
© 88.47
1 88.56
85.18
87.68
87.14
86.44
66.33
86.15
85.73

85.10°

84.898
84.74
84.18

DEVIATOR
STRESS
(kPa)d
0.00
7.93
39.66
52.87
60.02
64.73
68.17
70.88
72.79
73.84
74.48
74.65
74.77
74.39
74.46
74.21
73.73
73.48
73.25.
72.89
72.60
72.33
72.12
~71.66
71.28
71.22
70.85
70.50

24.05 3.76
24.02°  3.75
23.95 3.74
23.70 3.75
23.32 3.79
23.63 3.75
23.60 3.74
23.51 3.73
23.44 3.72
22.30 3.77
22.84 3.7¢8
22.93  3.76
22.97 3.73
22.49 3.78
22.39 - 3.79
22.65 3.74
22.33 3.77.

MEAN

EFFECTIVE
© STRESS

(kPa)d
78.73
76.37
71.28
66.75
63.86
62.09
60.73
59.53
58.99
58.10
57.24
56.47
56.16
55.33
54.46
54.16
53.68
52.86
52.60
52.22
51.71
51.18
51.04
50.76
50.25
49.85
49.70
49.65



29 -1.06 35.04 60.74
30 7.92 35. 06 60.41
31 0.10 34.91 60.29°
32 - 0.19 34.74 60.18
33 -1.37 34.56 . 59.53
34 4.58 34.58 59.39
35 0.00 34.41 59.22
36 06.37 34.214 53.18
37 -0.73 34.04 58.69
38 -56.00 34.04 58.34
39 0.52 33.89 - 58.35
40 -0.35 33.70. 58.04
41 0.30 33.50 57.96
42 -2.44 33.37 57.23 .58 .66.74 46.10
- 43 0.00 33.36 57.22 .58 66.72 46.10

0.58 70.08 49.06
0
0
0
0
0
0
]
0
0
0
1]
0
0
0
44 0.50 33.17 57.22 0.58 66.34 46.16
0
Y
0
6
0
0
0
0
0
0
¢
¢
0
o
0
0

.58  70:12  48.73
.58 69.82 48.65
.58 - 69.48 48.60
.58 69.13 -48.01
.58 69.16 47.86
.58 - £8.82 47.75
.58 £8.48 47.76
.58 68.08 47.35
.58 68.08 46.99
.58 67.77 47.C5
.58  67.41 .46.80
.58 66.99 4£.79

415 -0.10 33.01 57.02 .58 €6.01 46.02
46 -0.13 32.75 56.71 .58 65.51 45.79
47 -1.09 32.64 56.33 .58 65.28 ° 45.46
418 -3.08 32.58 55.89 . .58 65.15 45.03
43 1.38 32.46 56.10 8 64.92 45.27
50 -0.09 32.29 55.89
51 -0.24 32.09 55.59
52 -0.13 31.85 55.29
53 -3.31 31.77 54.67
54 -1.70 31.75 54.59
55 0.34 31.61 54.54
56 0.07 31.33 54.35
57 -3.19 31.31 53.80
58 -0.78 31.25 53.64
. 59 0.63 31.05 53.69
60 0.00 30.93 55.26

8 -64.58 45.13
8 64.17 44.90
8 63.70 44.68
8 ~ 63.53 ° 44.08
8 €3.50 41.00
8 63.22 44.01
8 62.76 43.89
8 62.62 43. 36
.58 62.45 .43.23
8 62.09 . 43.35
8 61.85 42.95
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TRIAXIAL TEST RESULTS

GEMERAL _TEST INFORMATION

SAMPLE INFORMATION

SAMPLE 1D: GD-2R, PC-39; 300/460

INTERVAL (meters):
GENERAL LOCATION:
DESCRIPTION:

DATE FINISHED:

INDEX PROPERTIES

4.85-4,93
BALTIMORE-HUDSON CANYON AREA
OLIVE-GRAY CLAY
1/15/80

MOISTURE CONTENT:

BULK DENSITY (g/cc):

VBID RATIO:

POROSITY:

" GRAIN SPEC GRAVITY (g/ccd:

SAMPLE PARAMETERS
HETIGHT
DIAMETER

-AREA (sq.

VOLUME
WEIGHT

TEST RESULTS

*SATURATION PHASE*

READING CELL PRESSURE
kPa
5C.00

1C0.CD

150.00

2006.00

460.00

U D W e

2CONSOL IDATION PHASEX

CELL PRESSURE

BACK PRESSURE
-CONSOLIDATION PRESSURE
ASSUMED EFFECTIVE
OVERBURDEN PRESSURE

Cam) 2
Cmm) =
mm) :
(ced:
(gm)

DELTA C
kPra

50.00
50.00
50.00
260.00

(xPad:
(kPaJ:
(kPad:

(kPad:

100.00
50.00

1963.50

196.35

348.40

PORE PRESSURL

460.00
300.00
160.00

36. 94

72

kPa

44.00

91.80
142.25
192.09
152.70

 DELTA F

kPa

47.80
50.45
49.75
260.70

0.86
1.01
1.00
1.00



CHANGES IN PROPERTIES DUE TO CONSCQLIDATION

PROPERTY INITIAL VALUE CONSOLIDATED VALUE

HEIGHT Cmm) : 100.00 85.70

AREA (sq. mmd>:  1963.50 : 1798. 42

VOLUME (ccd: 196.35 . 172.12

WATER CONTENT: 0.46 . 0.36

PDROSITY: 0.55 0.38

VOID RATIO: 1.23 . 0.62

BULK DENSITY (g/cc): 1.79 1.90

QOUYANT BULK DENSITY (g/cc): 0.77 0.87
% SATURATION: 100.00 100.00

MEASURED PROPERTIES

READING TIME Log TIME Sqrt TIME bveL

(sec) (cc) -

1 0 -4.00 0.00 0.00
2 4 0.60 2.00 0.186
3 10 1.00 3.16 . ©0.36
4 20 1.30 4.47 . 0.60
5 38 1.58 6.16 0.96
6 73 1.86 £.54 1.52
7 139 2.14 11.79 - 2.37
8 269 2.43 16..40 3.70
9 527 2.72 22.96 5.74
10 1041 3.02° 32.26 - 8.73
11 2067 3.32 45.46 12.71
12 4117 3.61 - 64.16 17.14
13 7119 3.85 84.37 20.16
14 10122 4.01 100.61 21.54
15 13124 1.12 114.56 22.26
16 16126 4.21 . 126.99 22.69
17 19128 4.28 138.30 S 22.95
18 22130 4.34 148.7¢ 23.15
19 25132 - 4.40 158.53 23.29
20 28134 4.45 167.73 23.40
21 31136 4.49 176.45 23.48
22 34139 4.53 184.77 23.55
23 37141 4.57 182.72 23.61
24 40143 : 4.60 200.36 23.66
25 43145 4.63 207.71 23.70
2€ 46147 4.66 214.82 23.73
27 49149 4.69 221.70 23.77
28 52151 4.72 228.37 23.80
29 55154 4.74 234.85 23.82
30 58156 4.76 241.16 23.85
31 61158 4.73 247.30 23.87
32 64160 4.81 253.30 23.89
33 67162 4.83 259.16 23.91
34 . 70164 4.85 264.88 23.92
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35 73166 4.86
36 76168 4.88
37 79170 4.90
38 82173 4.91
39 85175 4.93
40 88177 4.95
41 21179 4,96
42 94181 4.37
43 37183 4.99
44 100135 5.00
45. 103187 S5.01
46 106189 5.03
47 109192 5.04
48 112194 5.05
49 115196 5.06
50 1i8198 5.07
51 121200 S.08
52 124202 5.0¢@
53 127204 5.10
54 130206 5.11
55 133209 5.12
56 136211 5.13
57 139213 5.14
58 142215 5.15
59 145217 5.16

ALPHA: 0.96

Ao (sq. mmd): 1728.42

Lo (am): 95.70

*¥SHEAR PHASEX-
CELL PRESSURE (kPa):

STRAIN RATE: .015 mm/min

MEASURED PROPERTIES

READING

NV D UWN -

DVOL
(cc)
c.00
6.00
-0.00
~0.00
-0.00
0.00
0.00
-0.00

PORP
(kPad
298.42
306.56
315.21
333.3€
355.92
368.83
377.67
384.38

74

270.49
275.99
281.37
286.66
291.85
296.95
301.96
306.89
311.74
Z16.52
321.23
325.87
330.44
334.95
339.41
343.80
J438.14 .
352.42
356.66
3€0.84
364.98
369.07
373.11
377.11
381.07

460.00

DLNG
{omd
0.00
0.20
0.45
0.€8
0.22
1.21
1.48
1.76

AXFO
P
0.00
17.68
31.36
789.72
134.68
155.78
167.85
176.03

23.95

23.96 -

23.98
24.01
24.02
24.04
24.05
24.07
24.08
24.10
24.11
24.12
24.13
24.1%5
24.15
24.16
24.17
24.18
24.19
24.20
24.21
24.22
24.22
24.23
24.23

CELP

(kPad
460.00
460.00
460. 00
460.00
460.00
460.00
460. 00
460.00

TIME
(sec)

]
1322
2644
33966
5283
6611
" 7933
9255



9
10
11
iz
i3
14
i5
i6
17
i8
13
20
21
22
23
24
25
26
27
28
29
30
31
32
33

34

35
36
37
38
39
40
11
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

.59

0.00
0.00
-0.00
~-0.00
~-0.00
.0.00
-0.00
0.00
-0.00
¢.00
0.00
0.00
.0.00
-0.00
-0.00
-0.00
-0.00
0.00
0.061
06.01
G.00
0.00
0.00
0.00
0.01
0.01
0.01
G.01
0.00
0.00
0.01
0.00
0.00
-0.00
0.00
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.¢0
0.00
0.01
0.01
0.01
¢.01
0.01
G.o01

389.08
392.97
39€E.38
398.87
401.04
402.76
404.25
405. 26
406.49
407.43

408.43"

409.15
408.60
410.35
410.77
411.19
411.61
411.97
412.58
412.55
412.87

- 413.23

413.55
413.72
413.94
414.20
414.07
414.17
414.33
414.82
414.95
414.82
415.11
415.47
415.34
415.53
415.50
415.63

415.89 .

41€6.15

416.21
'416.18

416.34

416.37.

416.70
416.890
416,80
416.83
417.25
417.51
417.35

'2.68
3.00
3.34
3.67
4.00
4.35
4.69
5.02
5.38
5.73
6.08
6.43
6.78
7.14
7.4%
7.84
8.20
8.55
8.90
9.24
9.80
9.95
10.29
10.64
10.99
11.34
11.€8
12.02
12.36
12.70
13.05
13.38
13.72
14.07
14.41
14.75
15.08
15. 42
15.77

i6.11

16.46

16.80 .

17.14

17.49

17.84
18.18
18.53
18.87
19.22

182.30

186.41
190.53
193.48

195.98 .

197.33
198.48
198.87
199. 06
199.60
200.25
200.75
201.02
201.98
202.52
203.29
203.56
204.44
204.96
205.48
205.86
207.01

207.78
.208.32

208.82
209.74
210.51
210.74
211.20
211.82
212.55
212.63
212.97
213.05
214.01
214.16
214.51
214.55
214.82
215.39
215.97
216.28
216.20
216.32
216.58
217.32
217.55
217.89
217.97
218.81
218.81

460.00

460.00
460.00
460.00
460.00
460.00
460.00
460.00
460.00
460.00
460.00
460.00
460. 00
4€0.00
460.00
460.00
460.00
460.00
460.00
4€0.00
460.00
160.00
460. 00
460.00
460.00
460.C17
460.00
460.00
460.090
460.00
460. 00
460.00
4€0.00
460.00
460. 00
460.00
4650.00
460.00
460.0C0

"460.00

460.00
460.00
450.00
460. 00
460. 00
460.00
460.00
460.00
460.00
450.00
460.00

10577
11899
13221
14543
15865

17187

18510
19832
21154
22476
23798
25120
26442
27765
29087
30409
31731
33053
34375
35697
37019
38341
39663
40985
42308
43630
44352
46274
47596
48218
50240
51562
52884
54207
55529
56851
58173
59495
60817
62139
63461
64783
66105
67427
68750
70072
71394
72716
74038
75360
76682



60

0.01

 DERIVED PROPERTIES

READING STRAINA

1
2
3
4
5
6
7
3

9
10
11
12
13
14
15
i6
17
i8
i9
20
21
22
23

24 -

25
256
27
28
29
30
31
32
33
34
35
36
37
38

39 .

40
41
42
43

0.0000
0.0021
0.0047
0.0071
0.0096
0.0126
0.0155
0.0184
0.0216
0.0249
0.0280
0.0314
0.0349
0.0383
0.0417
0.0454
0.0490
0.0525
0.0562
0.0599
0.0635
0.0672
0.0709
0.0745
0.0782
0.0813
0.0857
0.0893
0.0329
0.0966
0.1003
0.1040
0.1075
0.1112
0.1149
0.1185
0.1220
0.1255
0.1292
0.1327
0.1363
0.1398
0.1434

417.61 19.56 219.16
TOTAL
STRESS

SIG1 SIG3 RATIO EFFSIG1

(kPad C(kPa) (kPad
460.00 4€0.00 1.00 161.58
469.81 460.00 1.02 163.26
477.36 460.00 1.04 162.15
504.01 460.00 "1.10 170.€5
534.17 460.00 1.16 178.24
545.53 460.00 1.19 175.64
551.83 460.00 1.20 174.22
556.09 460.00 1.21 171.71
559.17 4€0.00 1.22 170.089"
561.07 460.00 1.22 168.10
562.97 4€0.00 1.22 166.60
564.21 460.00 1.23 165.34
565.17 460.00 1.23 164.13
565.52 460.00 1.23 162.76
565.76 460.00 1.23 161.51
565.56 460.00 1.23 160.30
565.26 460.00 1.23 158.78 -
565.16 460.00 1.23 1i57.73
565.03 460.00 1.23 156.686
564.94 460.00 1.23 155.78
564.68 460.00 1.23 155.08
564.77 460.00 1.23 154.42
564.63 460.00 1.22 153.886
564.60 - 460.00 1.23 153.41
564.33 460.00 1.23 152.72
564.36 460.00 1.23 152.40
564.17 460.00 1.23 151.59
564.05 460.00 1.23 151.50
563.83 460.00 1.23 150.95
563.89 460.00 1.23 150.76
563.85 460.00 1.23 150.39
563.79 460.00 1.23 1590.07
563.63 460.00 1.23 149.63
563.66 460.00 1.23 149.46
563.61 460.00 1.23 149.53
5563.30 460.00 1.22 149.13
563.11 460.00 1.22 148.78
562.99 460.00 1.22 148.18
562.82 460.00 1.22 147.97
562.54 460.00 1.22 147.72
562.28 460.00 1.22 147.17
561.90 460.00 1.22 146.44
561.93 460.00 1.22 146.60

76

460.00 78004
EFFECTIVE
STRESS
EFFSIG3 RATIO
(kPa)
161.58 1.00
153.45 1.06
144.79 1.12
126.64 1.35
104.08 1.71
91.11 1.94
82.33 2.12
75.62 2.27-
76.92 2.40
67.03 2.51
63.63 2.62
61.13 2.70
 58.96 2.78
57.24 2.84
55.75 2.90
54.74 2.93
53.51 2.97
52.57 3.00
51.57 3.04
50.85 3.06
50.40 3.08
49.66 3.11
49.23 3.13
48.81 3.14
48.39 3.16
48.03 3.17
47.42 3.20
47.45 3.19
47.13 3.20
46.77 3.22
46.45 3.24
46.28 3.24
46.06 3.25
45.80 3.26
45.93 3.26
"45.83 3.25
45.€7 3.26
.45.18 3.28
45.05 3.28
45.18 3.27
44.89 3.28
44.53 3.29
44.66 3.28



44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

DERIVED PROPERTIES (comnt.?)

0.1470
0.1506
0.1541
0.1576
0.1611
0.1648
0.1634
6.1720
0.1756
0.1791
0.1828
0.1864
0.190¢0
0.13836

0.1972.

0.2008
0.2044

561.58
561.32
560.91

.560.62

560.47
550.30
56C.01
559.54
559.1¢6
558.86
558.75
558.42
558.14
557.74
557.68
557.23
556.95

460.00
460.00

.460.00

460.00

460.00

460.00
460.00
460.00
460.00
460.00

.460.00

460.00

.460.00

4€0.00
460.00
460.00
460.00

READING

DO UVTA N

T T I
(ST N AV VI~ ]

16
17
18
19
20
21
22
23
24
25
26
27
28

q
CkPad

0.00
4.91
8.68
22.01
37.08
42.76
45.24
48. 04
49.59
50.54
£1.49
52.11
52.59
52.76
52.88
52.78
52.63
52.58
52.55
52.47
52.34
52.38
52.31
52.30
52.16
52.18
52.08
52.02

r

p
(kPa)

161.58
158.35
153.47
148.64

141.16

133.38
128.27
123.66
120.51
117.57
115.11
113.23
111.54
110.00
108.65
107.52
106.14
105.15
104.11
103.32
102.74
102.04
101.55
101.:1
100.5¢6
100.22

99.51

99.47
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0.51
0.52
0.52
0.52
0.52
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